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(54) METHOD AND DEVICE FOR LASER BEAM MACHINING OF LAMINATED MATERIAL 



(57) A method of the present invention is a method 
for processing a multilayer material, in which one or 
more conductor layers and insulating layers are layered, 
with a laser beam. The method includes the step of ir- 
radiating the conductor layer with a first laser beam to 
form a hole at a processing point in the conductor layer, 
and the step of irradiating the hole with a second laser 
beam to process the insulating layer, layered on the con- 
ductor layer. The second laser beam has a smaller 
beam diameter at the processing point than the first la- 
ser beam. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the invention 



[0001] The present invention relates to laser process- 
ing method and apparatus for a layered material, and 
more particularly to a method and an apparatus for drill- 
ing and grooving by a laser beam in a multi-layer wiring 
board which is referred to as a printed circuit board. 

Description of the Related Art 

[0002] For example, a printed circuit board 1 as 
shown in Fig. 1 9 includes an insulator 2, and copper foils 
4 and 6 attached to both surfaces of the insulator 2. The 
insulator 2 is formed by binding forty to sixty glass fibers 
8, each of which has a diameter of several u,m, into a 
bundle of fibers (glass cloth) 10, weaving the glass cloth 
10 into a mesh configuration, impregnating epoxy resin 
in the woven glass cloth 10, and curing it. 
[0003] With respect to this printed circuit board 1, 
when the two copper foils 4 and 6 attached to the sur- 
faces of the insulator 2 are electrically connected, tradi- 
tionally, a through-hole, penetrating the print circuit 
board 1, is formed in the printed circuit board 1 by using 
a drill, and an inner wall of the through-hole is plated 
with copper to form a conducting layer. 
[0004] However, above-mentioned method has some 
problems. If the through-hole with a hole diameter of $ 
200 jim or less is formed by the drill, the drill is consid- 
erably damaged and likely to be broken during the drill- 
ing process and drilling speed is considerably lowered. 
Further, if the through-hole is formed by using the drill, 
a roughness on the cross-sectional surface of the 
formed through-hole is as large as several dozen mi- 
crometers, and therefore it is difficult to form the con- 
ducting layer uniformly on the cross-sectional surface 
by plating. 

[0005] In order to solve the above-mentioned prob- 
lems, a method of forming a through-hole by using a la- 
ser beam, instead of the drill, is proposed in "American 
Society of Mechanical Engineers" 90-WA/EFP-36. This 
is, as shown in Fig. 20, the method of forming a through- 
hole 14 by irradiating the printed circuit board 1 with a 
laser beam 20 to remove the copper foils 4 and 6, the 
glass fibers 8 and the epoxy resin. 
[0006] Furthermore, Japanese Patent Laid-open pub- 
lication No. 3-27885 discloses a laser processing meth- 
od, in which a peak output of a pulsed laser beam is 
varied between when processing the copper foil and 
when processing the insulator. Explaining this laser 
processing method with reference to Fig. 1 9, the copper 
foils 4 and 6 are processed by using the same laser 
beams having the higher peak outputs, and the insulator 
2 is processed by using the laser beam having the lower 
peak output. According to this laser processing method 
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the roughness of the cross-sectional surface of the 
through-hole can be reduced. 

[0007] However, as shown in Fig. 21 , a laser process- 
ing causes a problem that the copper foils 4 and 6 and 
5 glass cloth 10 protrude about 20 u.m into the inside of 
the formed through-hole 14. Also, it causes a problem 
that the through-hole 14 is swollen in the middle thereof. 
Furthermore, it causes a problem that the hole diame- 
ters of the through-hole 14 are different substantially be- 
™ tween copper foils 4 and 6. If those problems arise: the 
copper foils 4 and 6 and glass cloth 10 protrude 10 u.m 
or more into the inside of the formed through-hole 14, 
the through-hole 14 is swollen in the middle thereof, or 
the hole diameters of the through-hole 14 are different 
*5 substantially between copper foils 4 and 6, it is difficult 
to form the uniform conducting layer on the inner wall of 
the through-hole 14, and reliability of electrical connec- 
tion between the copper foils 4 and 6 is lowered. 
[0008] The above-mentioned problems apply to the 
20 cases that a blind via hole is formed in the printed circuit 
board 1, and that grooving processing is performed 
therein. If the copper foil 4 orthe glass cloth 1 0 protrudes 
about 20 urn into the blind via-hole or the groove, or if 
the configuration of the processed hole or the groove 
25 becomes a trapezoid or the like, a conducting film such 
as a metal film cannot be uniformly formed on the inner 
wall of the blind via hole or the groove. 
[0009] Furthermore, it is desired that the time for laser 
processing is shortened. 

30 

Summary of the Invention 



[0010] It is an object of the present invention to pro- 
vide a laser processing method and apparatus which re- 
35 alize a high-reliability processing, in which a part of a 
multilayer material will not protrude into the inside of a 
hole or a groove, and a configuration of the hole can 
become a desired one, when laser processing such as 
drilling or grooving is performed in the multilayer wirinq 
40 substrate. 

[001 1] A first method according to the present inven- 
tion is a method for processing a multilayer material, in 
which one or more conductor layers and insulating lay- 
ers are layered, with a laser beam. This method includes 
45 the steps of irradiating the conductor layer with a first 
laser beam to form a hole at a processing point in the 
conductor layer, and irradiating the hole with a second 
laser beam to process the insulating layer, layered on 
the conductor layer. The second laser beam has a small- 
so er beam diameter at the processing point than the first 
laser beam. 

[0012] A second method according to the present in- 
vention is a method for processing a multilayer material, 
in which one or more conductor layers and insulating 
55 layers are layered, with a laser beam to form a through- 
hole in the multilayer material. Here, a surface layer on 
the laser outgoing side of the multilayer material is the 
conductor layer. This method includes the steps of form- 
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ing a laser beam absorbing material on this surface lay- 
er, and forming the through-hole in the multilayer mate- 
rial. 

[0013] Preferably, in the second method, the laser 
beam absorbing material is a polymeric material. 5 
[0014] Further, the second method can be combined 
with the first method. 

[0015] A third method of the present invention is a 
method for processing a multilayer material, In which 
one or more conductor layers and insulating layers are 10 
layered, with a laser beam to form a hole. This method 
includes the steps of pre-heating a part of the conductor 
layer, and irradiating the part heated in the pre-heating 
step with a laser beam to form the hole. 
[001 6] Preferably, in the third method, the pre-heating 1 s 
step is performed by irradiating the part of the conductor 
layer with a laser beam. 

[0017] Further, the third method can be combined with 
the first method. In that case, preferably, the first method 
includes steps of pre-heating a part of the conductor lay- 20 
er before the step of irradiating the conductor layer. 
Then, in the step of irradiating the conductor layer with 
the first laser beam, the part heated in the pre-heating 
step is irradiated with the first laser beam to form the 
hole. 25 
[001 8] Further, the third method can be combined with 
the second method. In that case, the part of the conduc- 
tor layer may previously pre-heated, then the heated 
part may irradiated with a laser beam, while the laser 
beam absorbing material is formed on the surface layer 30 
(conductor layer) on the laser outgoing side of the mul- 
tilayer material. 

[0019] Further, the third method can be combined with 
the first and second methods. 

[0020] A fourth method is a method for processing a 35 
multilayer material with a laser beam to form a through- 
hole in the multilayer material, in which a conductor layer 
and an insulating layer are layered, and which includes 
a multilayer consisting of two conductor layers and an 
insulating layer interposed between the two conductor *o 
layers. This method includes the steps of irradiating a 
first conductor layer of the two conductor layers in the 
multilayer with a first laser beam to form a hole at a 
processing point in the first conductor, irradiating the 
hole formed by the irradiating step for the first conductor 45 
layer with a second laser beam, having lower peak out- 
put than the first laser beam, to process the insulating 
layer in the multilayer, while a beam diameter at the 
processing point is kept constant, and irradiating the 
hole formed by the irradiating step for the insulating lay- so 
er with a third laser beam, having lower peak output than 
the first laser beam and having higher peak output than 
the second laser beam, to process a second conductor 
layer of the two conductor layer in the multilayer, while 
the beam diameter at the processing point is kept con- 55 
stant. 

[0021] Further, the fourth method can be combined 
with the first method. In that case, in the multilayer con- 



sisting of two conductor layers and an insulating layer 
interposed between the two conductor layers, the first 
conductor layer is irradiated with a first laser beam to 
form the hole, then the hole is irradiated with the second 
laser beam, having lower peak output and smaller beam 
diameter at the processing point than the first laser 
beam, to process the insulating layer. 
[0022] Further, the fourth method can be combined 
with the second method. For example, if the second con- 
ductor layer in the multilayer is a surface layer of the 
multilayer material, the fourth method preferably in- 
cludes the step of forming the laser beam absorbing ma- 
terial on the second layer before the step of irradiating 
the first conductor layer with the first laser beam. 
[0023] Further, the fourth method can be combined 
with the third method. In that case, rf one of the two con- 
ductor layers is irradiated with a laser beam, a part of 
the conductor layer may previously pre-heated, then the 
heated part may irradiated with the laser beam. 
[0024] Further, the fourth method is combined with 
any two or all of the first method, the second method, 
and the third method. 

[0025] A fifth method is a method for processing a 
multilayer material with a laser beam to form a through- 
hole in the multilayer material, in which a conductor layer 
and an insulating layer are layered, and which includes 
a multilayer consisting of two conductor layers and an 
insulating layer interposed between the two conductor 
layers. This method includes the steps of irradiating a 
first conductor layer of the two conductor layers in the 
multilayer with a first laser beam to form a hole at a 
processing point in the first conductor, irradiating the 
hole formed by the irradiating step for the first conductor 
layer with a second laser beam, having lower power 
density than the first laser beam, to process the insulat- 
ing layer in the multilayer, and irradiating the hole formed 
by the irradiating step for the insulating layer with a third 
laser beam, having lower power density than the first 
laser beam and having higher power density than the 
second laser beam, to process a second conductor lay- 
er of the two conductor layer in the multilayer. 
[0026] A sixth method is a method for processing a 
multilayer material with a pulsed laser beam to form a 
through-hole in the multilayer material, in which a con- 
ductor layer and an insulating layer are layered, and 
which includes a multilayer consisting of two conductor 
layers and an insulating layer interposed between the 
two conductor layers. This method includes the steps of 
irradiating a first conductor layer of the two conductor 
layers in the multilayer with a first laser beam to form a 
hole at a processing point in the first conductor, irradi- 
ating the hole formed by the irradiating step for the first 
conductor layer with a second laser beam, having lower 
peak output and wider pulse width than the first laser 
beam, to process the insulating layer in the multilayer, 
while a beam diameter at the processing point is kept 
constant, and irradiating the hole formed by the irradi- 
ating step for the insulating layer with a third laser beam, 
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having lower peak output and wider pulse width than the 
first laser beam and having higher peak output and nar- 
rower pulse width than the second laser beam, to proc- 
ess a second conductor layer of the two conductor layer 
in the multilayer, while the beam diameter at the 5 
processing point is kept constant. 
[0027] A laser processing apparatus of the present in- 
vention is a laser processing apparatus for a multilayer 
material to irradiate the multilayer material, in which one 
or more conductor layers and insulating layers are lay- w 
ered, with a laser beam. This laser processing appara- 
tus includes a laser which emits a pulsed laser beam, 
of which peak output is variable, an opening which pass- 
es a part of the pulsed laser beam emitted from the laser, 
a first optical system which varies an optical path of the 15 
laser beam passing the opening, an imaging lens which 
forms an image of the opening, and a controller which 
controls positions and operations of the laser, the open- 
ing, the first optical system and the imaging lens. The 
controller varies a size of the image of the opening. 20 
[0028] Preferably, the laser processing apparatus fur- 
ther includes a second optical system which varies an 
optical path length in an optical path between the open- 
ing and the first optical system. The controller controls 
the second optical system to vary a distance between 25 
the opening and the imaging lens. 
[0029] Preferably, the laser processing apparatus fur- 
ther includes a reflecting mirror in an optical path be- 
tween the opening and the first optical system. The con- 
troller varies a shape of a reflective surface of the re- 30 
fleeting mirror. 

[0030] Preferably, in the laser processing apparatus, 
the controller makes the shape of the reflective surface 
of the reflecting mirrora part of hyperboloid of revolution. 
[0031] Preferably, in the laser processing apparatus, 35 
the controller varies the shape of the reflective surface 
of the reflecting mirror by controlling a piezoelectric de- 
vice mounted on the reflecting mirror. 
[0032] Preferably, in the laser processing apparatus, 
the controller varies an opening diameterof the opening. 40 
[0033] Preferably, in the laser processing apparatus, 
the controller varies a focal distance of the imaging lens! 

(Advantages of the invention) 

45 

[0034] According to the method for laser processing 
a multilayer material of the present invention, a through- 
hole is prevented from being swollen in the middle. 
[0035] According to the method for laser processing 
a multilayer material of the present invention, variation 50 
of a hole diameter can be reduced in a copper foil, which 
is a surface layer on the laser inputting side of the mul- 
tilayer material. 

[0036] According to the method for laser processing 
a multilayer material of the present invention, a copper 55 
foil and a glass cloth can be prevented from protruding 
into a through-hole. 

[0037] According to the method for laser processing 



a the multilayer material of the present invention, varia- 
tion of a hole diameter can be reduced in a copper foil, 
which is a surface layer on the laser outputting side of 
the multilayer material. 

[0038] According to the method for laser processing 
a multilayer material of the present invention, a laser 
beam diameter can be easily varied, and a through-hole 
can be easily prevented from being swollen in the mid- 
dle. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0039] 

Fig. 1 is a diagram to explain a laser processing 
method for a multilayer material according to an em- 
bodiment 1 of the present invention. 
Fig. 2 is a graph to explain laser beams' abilities of 
processing a copper foil when one pulse of each of 
the laser beams, having different pulse widths and 
different energies per pulse to each other, is irradi- 
ated onto the surface on which the copper foil is uni- 
formly formed, with the equal focused diameter 
Fig. 3 is a diagram to explain a laser processing 
method for a multilayer material according to an em- 
bodiment 2 of the present invention. 
Fig. 4 is a diagram of a laser processing apparatus 
for a multilayer material according to an embodi- 
ment 2 of the present invention. 
Fig. 5 is a diagram of an opening diameter contin- 
uously variable beam aperture. 
Fig. 6 is a diagram to explain a laser processing 
method for a multilayer material according to an em- 
bodiment 3 of the present invention. 
Fig. 7 is a diagram of a basic configuration of an 
imaging optics. 

Fig. 8 is a diagram to explain a laser processing ap- 
paratus for a multilayer material according to an em- 
bodiment 4 of the present invention. 
Fig. 9 is a diagram of a basic configuration of the 
imaging optics in which a convex mirror and a con- 
cave mirror are used. 

Fig. 10 is a diagram to explain reflection depending 
on a configuration of a reflective surface of a reflect- 
ing mirror. 

Fig. 11 is a diagram to explain a configuration of a 
reflective surface shape variable reflecting mirror 
used in the laser processing apparatus shown in 
Fig. 8; 

Fig. 12 is a diagram of a laser processing apparatus 
for a multilayer material according to an embodi- 
ment 5 of the present invention. 
Fig. 13 is a diagram to explain a converging by an 
opening and a lens. 

Fig. 14 is a diagram to explain a laser processing 
apparatus for a multilayer material according to an 
embodiment 6 of the present invention. 
Fig. 15 is a diagram of a focal distance variable 
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transfer lens. 

Fig. 16 is a diagram to explain steps of a laser 
processing method for a multilayer material accord- 
ing to an embodiment 7 of the present invention; 
Fig. 17 is a diagram to explain a laser processing 5 
method for a multilayer material according to an em- 
bodiment 8 of the present invention. 
Fig. 18 is a graph to show temperature dependency 
of carbon dioxide laser absorptance of copper. 
Fig. 19 is a cross-sectional view of a printed circuit 10 
board. 

Fig. 20 is a diagram to explain processes of forming 
a through-hole according to the conventional laser 
processing. 

Fig. 21 is a diagram of a cross-section of the 15 
through-hole formed by the conventional laser 
processing. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENTS ' ~~ ~ 20 

[0040] The following is a detailed description of the 
main embodiments of the invention, with reference to 
the drawings in which the same numerical references 
identify the same elements in each of the different draw- 25 
ings. 

(Embodiment 1 ) 

[0041] Fig. 1 is a diagram to explain steps of a laser 30 
processing method for a multilayer material according 
to a first embodiment of the present invention. In the de- 
scription of this embodiment, the multilayer material 
means a multi-layer wiring board, which is referred to as 
a printed circuit board. As shown in Fig. 1, the printed 35 
circuit board 1 includes an insulator (an insulating layer) 
2, copper foils (conductor layers) 4 and 6 attached to 
both surfaces of the insulator 2. The insulator 2, which 
is made of a glass epoxy resin, is formed by binding forty 
to sixty glass fibers 8, each of which has a diameter of *o 
several u.m, into a bundle of fibers (glass cloth) 10, 
weaving the glass cloth 10 into a mesh configuration, 
impregnating epoxy resin in the woven glass cloth 10, 
and curing it. According to the processes shown in Fig. 
1, a through-hole 14 is formed by irradiating a pulsed *s 
carbon dioxide laser beam to a double-sided copper- 
clad printed circuit board (the glass epoxy substrate) 1 
with a thickness of 0.4mm in which each thickness of 
the copper foils 4 and 6 is 12 u.m. 

[0042] First, a laser beam 20 converged into <|> 1 20 u.m so 
is irradiated onto the copper foil 4 to form a drilled hole 
22 in the surface of the copper foil 4. The drilled hole 22 
of <|> 1 00 urn is formed in the surface of the copper foil 4 
by irradiating the copper foil 4 with one pulse of the laser 
beam, in which a pulse on time (a pulse width) of the 55 
laser beam is set to 3 us, and the laser energy per one 
pulse thereof is set to 24 mJ. In the following processing, 
a focused diameter of the laser beam (the laser beam 



diameter at a processing point) is fixed to $ 120 u.m. 
[0043] Then, the insulator 2 is processed by irradiat- 
ing the same position as the drilled hole 22 with four 
pulses of the laser beam, in which the pulse on time of 
the laser beam is set to 100 \is and laser energy per 
pulse is set to 10 mJ. Then, the copper foil 6 is proc- 
essed by irradiating the same position with one pulse of 
the laser beam, in which the pulse on time of the laser 
beam is set to 40 us and laser energy per pulse is set 
to 8 mJ. As a result, the through-hole 14 of <j> 100 u.m is 
formed in the printed circuit board 1 . 
[0044] An observation of a cross-section of the 
through-hole 14 by a microscope shows that its hole di- 
ameter hardly changes, and the direction of the central 
axis of the hole corresponds to that of the optical axis 
of the laser beam. In addition, it is found that protrusions 
of the copper foil 4 into the hole on the laser incoming 
side of the hole and that of the copper foil 6 into the hole 
on the laser outgoing side of the hole are 5 fim or less, 
which means there is almost no protrusion of the glass 
cloth 1 0 into the hole. 

[0045] For comparison with the drilling process hav- 
ing the steps shown in Fig. 1, a through-hole is formed 
by different steps by using the same printed circuit board 
and the same kind of laser beam. Those comparative 
experiments will be described in detail, hereinafter. In 
the following comparative experiments, the focused di- 
ameter of the laser beam irradiated onto the copper foil 
4, the insulator 2 and the copper foil 6 is fixed to <|> 120 
um In the first comparative experiment, one pulse of a 
laser beam is irradiated onto the printed circuit board 1 , 
in which the laser beam is set to the condition in which 
the copper foil 4 is processed as shown in Fig. 1 (the 
pulse on time of the laser beam is 3 u.s, and the laser 
energy per pulse is 24 mJ). Then, five pulses of the laser 
beam are irradiated onto the same position, in which the 
pulse on time of the laser beam is set to 100 u.s, and the 
laser energy per pulse is set to 10 mJ. As a result of 
those steps, the through-hole 14 is formed in the printed 
circuit board 1 . However, an observation of a cross-sec- 
tion of the through-hole 14 by a microscope shows that 
the copper foil 6 protrudes about 20 u.m into the through- 
hole 14 on the laser outgoing side thereof. 
[0046] Furthermore, in the second comparative ex- 
periment, five pulses of the laser beam are successively 
irradiated onto the printed circuit board 1 , with the laser 
beam being set to the condition in which the copper foil 
4 is processed as shown in Fig. 1 (the pulse on time of 
the laser beam is 3 jis, and the laser energy per pulse 
is 24 mJ). As a result of this step, the through-hole 14 
is formed in the printed circuit board 1 . However an ob- 
servation of a cross-section of the through-hole 14 by 
the microscope shows that the through-hole 14 is swol- 
len in the middle, and the copper foil 4 on the laser in- 
coming side of the hole 1 4, the copper foil 6 on the laser 
outgoing.side thereof and the glass cloth 10 protrude 
about 20 u.m into the through-hole 14. 
[0047] Still further, in the third comparative experi- 
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ment, one pulse of the laser beam is irradiated onto the 
printed circuit board 1 , with the laser beam being set to 
the condition in which the copper foil 4 is processed as 
shown in Fig. 1 (the pulse on time of the laser beam is 
3 us, and the laser energy per pulse is 24 mJ). Then, 
four pulses of the laser beam are irradiated onto the 
same position, in which the pulse on time of the laser 
beam is 100 us, and the laser energy per pulse is 10 
mJ. Then, one pulse of the laser beam is irradiated onto 
the same position, in which the pulse on time of the laser 
beam is 3 us, and the laser energy per pulse is 24 mJ. 
As a result of those steps, the through-hole 14 is formed 
in the printed circuit board 1. However, an observation 
of a cross-section of the through-hole 14 by the micro- 
scope shows that the copper foil 6 protrudes about 20 
um into the through-hole 14 on the laser outgoing side 
of the hole 14. In addition, the method of the third com- 
parative experiment is the same as that described in the 
above-mentioned Japanese Patent Laid-open Publica- 
tion No. 3-27885. In this case, the copper foils 4 and 6 
are processed by using the same laser beam having the 
higher peak output, and the insulator 2 is processed by 
using the laser beam having the lower peak output 
[0048] Furthermore, in the fourth comparative exper- 
iment, one pulse of the laser beam is irradiated onto the 
printed circuit board 1, with the laser beam is set to the 
condition in which the copper foil 4 is processed as 
shown in Fig. 1 (the pulse on time of the laser beam is 
3 us, and the laser energy per pulse is 24 mJ). Then, 
ten pulses of the laser beam are irradiated onto the 
same position, in which the pulse on time of the laser 
beam is set to 1 us, and the laser energy per pulse is 
set to 1 0 m J. As a result of those steps, the through-hole 
14 is formed in the printed circuit board 1. However, an 
observation of a cross-section of the through-hole 14 by 
the microscope shows that the through-hole 14 is swol- 
len in the middle, and the copper foil 4 on the laser in- 
coming side of the hole 14, the copper foil 6 on the laser 
outgoing side of the hole 14, and the glass cloth 10 pro- 
trude about 20 jim into the through-hole 14. 
[0049] In the laser processing method according to 
this embodiment, the laser beam conditions among 
when the copper foil 4 is processed (the pulse on time 
of the laser beam is 3 us, and the laser energy per pulse 
is 24 mJ), when the insulator 2 is processed (the pulse 
on time of the laser beam is 1 00 us, and the laser energy 
per pulse is 1 0 mJ) , and when the copper foil 6 is proc- 
essed (the pulse on time of the laser beam is 40 us, and 
the laser energy per pulse is 8 mJ) are different. Here, 
the peak output of the laser beam by which each mate- 
rial is processed is calculated by using the following 
equation (1). 



[0050] According to the above equation (1 ), the peak 
output (8kW) of the laser beam by which the copper foil 
4 is processed is higher than the peak output (100W) 
thereof by which the insulator 2 is processed and the 
5 peak output (200W) thereof by which the copper foil 6 
is processed. In addition, the peak output (200W) of the 
laser beam by which the copper foil 6 is processed is 
higher than the peak output (1 00W) thereof by which the 
insulator 2 is processed. 
™ [0051] Furthermore, the pulse width (3 us) of the laser 
beam by which the copper foil 4 is processed is narrower 
than the pulse width (100 us) thereof by which the insu- 
lator 2 is processed and the pulse width (40 us) thereof 
by which the copper foil 6 is processed. In addition, the 
15 pulse width (40 us) of the laser beam by which the cop- 
per foil 6 is processed is narrower than the pulse width 
(100 us) thereof by which the insulator 2 is processed. 
Hereinafter, it is described in detail about setting of the 
peak output and the pulse width of the laser beam. 
20 [0052] First, it is described about setting the value of 
the peak output of the laser beam. The most important 
parameter which decides a processing state of the ma- 
terial in the laser processing is power density of the laser 
beam, which is designated by the following equation (2). 

Power density = peak output of laser beam / focused 



diameter of laser beam 



(2) 
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Peak output = energy per pulse / pulse on time (pulse 
width) (-}) 



[0053] However, following discussion is made by con- 
sidering the value of the peak output of laser beam, in- 
stead of the value of the power density thereof which 
should be normally considered, since the focused diam- 
35 eter of the irradiated laser beam is kept constant (<|> 120 
u.m) in the laser processing methods according to this 
embodiment and comparative experiments. 
[0054] First, it is described about the condition of the 
laser beam by which the copper foils 4 and 6 are proc- 
40 essed. Copper is generally difficult to be processed with 
a laser beam, since it has high reflection coefficient of 
a laser beam and high thermal conductance. Especially, 
the copper foils such as the copper foils 4 and 6, which 
are uniformly formed on the surface of the printed circuit 
45 board, are difficult to be processed with a laser beam, 
since they reflect almost 99% of the irradiated carbon 
dioxide laser* beam when it is irradiated onto the uniform 
surface. Fig. 2 is a graph to explain laser beams' abilities 
of processing a copper foil when one pulse of each of 
50 the laser beams, having different pulse widths and dif- 
ferent energies per pulse to each other, is irradiated onto 
the surface on which the copper foil is uniformly formed 
with the equal focused diameter. The horizontal axis and 
longitudinal axis of the graph represent the pulse width 
55 of the laser beam and the energy per pulse thereof, re- 
spectively. In this graph, © is marked at an intersection 
point of a value of a pulse width and a value of energy 
per pulse, when the copper foil having a thickness of 18 
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urn can be penetrated by being irradiated with a laser 
beam having the pulse width and the energy per pulse. 
Similarly, Ois marked at an intersection point of a value 
of a pulse width and a value of energy per pulse, when 
the copper foil of 12 pm can be penetrated but the cop- 5 
per foil of 18 jim cannot be penetrated by being irradi- 
ated with a laser beam having the pulse width and the 
energy per pulse. Similarly, X is marked at an intersec- 
tion point of a value of a pulse width and a value of en- 
ergy per pulse, when both copper foils of 12 urn and 18 10 
|im cannot be penetrated by being irradiated with a laser 
beam having the pulse width and the energy per pulse. 
When the peak output is calculated by the equation (1 ), 
by using the pulse width of the laser beam and the en- 
ergy per pulse thereof shown in Fig. 2, if the focused *5 
beam diameter is constant, the higher the peak output 
of the laser beam is, the higher the laser beam's ability 
of penetrating the copper foil is. 
[0055] Referring to the graph shown in Fig. 2, in the 
laser processing method according to this embodiment, 20 
the laser beam (the pulse on time of the laser beam is 
3 us, and laser energy per pulse thereof is 24 mJ) for 
processing the copper foil 4 has a high peak output 
(8kW), which is enough to be able to penetrate the cop- 
per foil having the thickness of 1 8 urn, so that it can suf- 25 
ficiently process the copper foil having the thickness of 
12 u.m used in the laser processing method according 
to this embodiment. In other words, the laser beam con- 
dition (the peak output of the laser beam is about 1kW 
or more), as marked by @ in the graph shown by Fig. 30 
2, is necessary in order to process the copper foil 4. 
[0056] Meanwhile, in the laser processing method ac- 
cording to this embodiment, the laser beam (the pulse 
on time is 40 us, and the laser energy per pulse is 8 mJ) 
for processing the copper foil 6 has the lower peak out- 35 
put (200W) than that for processing the copper foil 4, 
and cannot penetrate sufficiently the copper foil having 
the thickness of 12 u.m, as shown in the graph in Fig. 2. 
[0057] In the laser processing method of this embod- 
iment, the surface of the copper foil 6 onto which the <o 
laser beam is irradiated is a resin side surface thereof, 
differently from the case of the copper foil 4. This resin 
side surface is roughened in order to improve adhesive- 
ness with the resin, and its reflection coefficient of the 
carbon dioxide laser is 60% to 70%. This is lower than 45 
uniform surface's reflection coefficient (about 99%) of 
the carbon dioxide laser. Therefore, in the laser process- 
ing method according to this embodiment, a peak output 
of the laser beam for processing the copper foil 6 is not 
necessary to be as high as that for processing the cop- so 
per foil 4. 

[0058] However, there is still a fact that the copper foil 
6 is difficult to be processed with a laser beam, since it 
has relatively high thermal conductivity and high reflec- 
tion coefficient because of its material characteristic. 55 
Thus, the laser beam need to have a certain degree of 
peak output in order to process the copper foil 6. For 
example, in the first comparative experiment, the pro- 



trusion of the copper foil 6 into the through-hole 14 is 
generated, when the laser beam having the low peak 
output (100W), which is the same as the laser beam for 
processing the insulator 2, is irradiated onto the copper 
foil 6. 

[0059] Next, it is described about the condition of the 
laser beam by which the insulator 2 is processed. When 
processing the insulator 2, it is necessary to make the 
peak output of the laser beam lower than that of the laser 
beam when processing the copper foils 4 and 6. First, 
the condition of the laser beam for processing the insu- 
lator 2 will be described, with respect to the protrusion 
of the glass cloth 10 into the through-hole 14. 
[0060] During the laser processing, a laser beam is 
absorbed, refracted and diffused by a removed material 
generated by the laser processing. Here, the removed 
material indicates a molten resin or glass generated by 
irradiation with the laser beam, a residue generated by 
combustion of the resin or the glass and so on. In drilling 
process, the laser beam is likely to be absorbed, refract- 
ed and diffused as compared with the processing in the 
vicinity of the surface, since the removed material gen- 
erated during the processing is confined in a hole. The 
phenomenon such as the absorption becomes promi- 
nent as the power density of the laser beam is in- 
creased. 

[0061] If the laser beam having high power density is 
used in processing the insulator 2, it is quite likely to be 
absorbed, refracted and diffused by generation of the 
removed material. If the laser beam for processing is 
refracted and diffused, then power density of the laser 
beam decreases. Here, by the laser beam having the 
lowered power density, only the epoxy resin is proc- 
essed in the inner wall of the through-hole 14, since the 
epoxy resin is more easily processed than the glass 
cloth 10. As a result, the protrusion of the glass cloth 10 
is generated in the through-hole 14. For example, as in 
the second and fourth comparative experiments, when 
processing the insulator 2 by irradiating it with the laser 
beam, of which the peak output is the same (8kW) as 
or more (10kW) than that of the laser beam used in 
processing the copper foil 4, the protrusion of the glass 
cloth 10 is generated. 

[0062] Also when the laser beam having the high peak 
output is used in processing the copperfoil 6, it is difficult 
to process the copper foil 6, since the power density of 
the laser beam is lowered because of the absorption or 
the like. Thus, the protrusion of the copper foil 6 is likely 
to be generated in the through-hole 14. For example, as 
in the third and fourth comparative experiments, when 
processing the copper foil 6 by irradiating it with the laser 
beam, of which the peak output is same (8kW) as or 
more (10kW) than that of the laser beam used in 
processing the copperfoil 4, the protrusion of the glass 
cloth 10 is generated. 

[0063] According to the laser processing method of 
this embodiment, the peak output of the laser beam is 
lower when processing the insulator 2 and the copper 
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foil 6 than when processing the copper foil 4. Thus, the 
power density of the laser beam is lower when process- 
ing the insulator 2 and the copper foil 6 than when 
processing the copper foil 4. Therefore, when process- 
ing the insulator 2 and the copper foil 6, the laser beam 
can be prevented from being absorbed, refracted and 
diffused due to the removed material, and the glass cloth 
10 and the copper foil 6 can be prevented from protrud- 
ing in the through-hole 14 as compared with when 
processing the copper foil 4. 

[0064] Next, it is described about the condition of the 
laser beam by which the insulator 2 is processed, with 
respect to the configuration of the through-hole 14. 
When a laser beam is irradiated onto the same position 
as the drilled hole 22 after forming it in the copper foil 4, 
diffraction phenomena of the laser beam occurs at the 
drilled hole 22 in the copper foil 4. The laser passing the 
copper foil 4 is enlarged at a certain angle because of 
those diffraction phenomena. The diffracted angle is in 
proportion to a laser wavelength, and in inverse propor- 
tion to the diameter of the drilled hole 22. 
[0065] In general, the laser beam passing through the 
drilled hole 22 is enlarged by the diffraction, and its pow- 
er density is lowered. However, the minimum power 
density of the laser beam by which the copper foil 4 can 
be processed is considerably larger than that of the laser 
beam by which the resin and the glass cloth 10 can be 
processed. If the laser beam having high peak output is 
used in processing the resin or the glass cloth 1 0 as well 
as in processing the copper foil 4, the processed 
through-hole 14 is swollen in the middle, since the laser 
beam enlarged after passing the drilled hole 22 in the 
copper foil 4 has the large power density enough to proc- 
ess the resin or the glass cloth 10. For example, as in 
the second and fourth comparative experiments, when 
irradiating the resin or the glass cloth 10 with the laser 
beam, of which the peak output is same (8kW) as or 
more (10kW) than that of the laser beam used in 
processing the copper foil 4, the processed through- 
hole 14 is swollen in the middle. 
[0066] According to the laser processing method of 
this embodiment, the power density of the diffracted light 
is equal to or lower than the minimum power density of 
the laser beam, by which the resin or the glass cloth 10 
can be processed, since the insulator 2 is irradiated with 
the laser beam having the low peak output when 
processing the insulator 2 after the copper foil 4. This 
enables to prevent the through-hole 14 from being swol- 
len in the middle. 

[0067] According to the laser processing method of 
this embodiment, the power density of the laser beam 
is varied by varying the peak output of the laser beam, 
since the laser beam diameter at the processing point 
is constant. However, referring to the equation (2), it can 
be also varied when the laser beam diameter at the 
processing point is variable. Thus, in the method of this 
embodiment, the power density can be varied by varying 
the laser beam diameter at the processing point. For ex- 



ample, the laser beam having a larger beam diameter 
at the processing point may be irradiated onto the insu- 
lator 2 than the laser beam irradiated onto the copper 
foil 4, in order to lower the power density of the laser 
5 beam when processing the insulator 2. Even in that 
case, the beam diameter of the laser beam irradiated 
onto the insulator 2 becomes equal to that of the laser 
beam by which the copper foil 4 is processed, since the 
laser beam irradiated onto the outside of the drilled hole 
10 22, formed in the copper foil 4, is reflected by the copper 
foil 4. Therefore, even if the laser beam diameter at the 
processing point is made variable, it is possible to form 
the through-hole 14 having a constant hole diameter in 
its cross section. 
« [0068] Next, it will be described about setting the val- 
ue of the pulse width of the laser beam. In general, in 
the laser processing using the pulsed laser beam, the 
pulse width of the laser beam is equal to the irradiated 
time of the laser beam. Thus, the narrower the pulse 
20 width is, the shallower the removed depth in the proc- 
essed material per pulse becomes, and the wider the 
pulse width is, the deeper the removed depth therein 
per pulse becomes. Therefore, in the method according 
to this embodiment, when the copper foil 4 is processed 
25 the pulse width of the laser beam is narrowed to be 
about 3 fis so as not to deeply process the copper foil 4 
to reach the insulator 2. In addition, when the insulator 
2 is processed, the pulse width of the laser beam is en- 
larged to be about 100 us so as to make the removed 
30 depth per pulse larger to effectively process it. 

[0069] Furthermore, according to the method of this 
embodiment, the pulse width of the laser beam is set to 
about 30 us to 50 us, when the copper foil 6 is proc- 
essed. This is because if the laser beam having the 
35 smaller pulse width than that in the above range is irra- 
diated onto the copper foil 6, the processing efficiency 
is lowered, and if the laser beam having the wider pulse 
width than that in the above range is irradiated to it, mol- 
ten copper is increased and it is likely to be left in the 
™ vicinity of an opening of the through-hole 1 4 (refer to an 
embodiment 7 of the present invention). 
[0070] The laser energy per pulse may be varied in 
order to vary the peak output of the laser beam. How- 
ever, according to the laser processing method of this 
<5 embodiment, by varying the pulse width of the laser 
beam during the laser processing, the processing time 
is shortened, as well as a part of the multilayer material 
is prevented from protruding into the through-hole 14, 
since the peak output (power density) of the laser beam 
so and the irradiated time thereof can be varied at the same 
time. 

[0071] In the laser processing of this embodiment, the 
printed circuit board 1, in which the uppermost and low- 
ermost layers are conductor layers, is used, but an in- 
55 sulating layer may be further formed on the uppermost 
conductor layer and /or the lowermost conductor layer. 
The laser processing method according to this embod- 
iment can be also applied to such a printed circuit board. 
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In this case, the same effect as above-mentioned can 
be obtained. 

(Embodiment 2) 

[0072] Fig. 3 is a diagram to explain steps of a method 
for a laser processing a multilayer material according to 
an embodiment 2 of the present invention. In the de- 
scription of this embodiment, the multilayer materia! 
means a double-sided copper-clad printed circuit board 
(the glass epoxy substrate) 1 with a thickness of 0.4mm 
(the thicknesses of the copper foils are 12 u.m). In the 
steps shown in Fig. 3, the through-hole 14 is formed by 
irradiating a pulsed carbon dioxide laser beam to this 
printed circuit board 1. 

[0073] According to the laser processing method of 
this embodiment, a laser beam diameter at a processing 
point when processing the copper foil 4 is different from 
that when processing the insulator 2 and the copper foil 
6. This is realized by a laser processing apparatus 
shown in Fig. 4. Fig. 4 shows a laser processing appa- 
ratus 100, which can vary the laser beam diameter at 
the processing point. The laser processing apparatus 
100 includes a pulse carbon dioxide laser 102, a transfer 
mask 104, positioning mirrors (galvanometer mirrors) 
106, a transfer lens 108 and a processing table 110. In 
addition, the laser processing apparatus 100 includes a 
controller 112 which electrically controls the operations 
of the above components. For example, the controller 
112 makes the pulse carbon dioxide laser 110 oscillate 
a pulsed laser beam having a desired pulse width or de- 
sired energy per pulse. In addition, the controller 112 
controls the rotations of the positioning mirrors 106, and 
positions the transfer mask 104 and the transfer lens 
108 on an optical path. Furthermore, the controller 112 
makes the processing table 110 move in parallel to a 
plane, on which the printed circuit board 1 is set. Refer- 
ring to Fig. 4, connection between the controller 112 and 
each of the components is omitted for simplification. 
[0074] Hereinafter, the operation of the laser process- 
ing apparatus 100 will be described. First, the laser 
beam is focused to about § 120 jim on the copper foil 4, 
using the transfer mask 104 of $ 1 .8mm and the transfer 
lens 108. More specifically, a part of the laser beam 120 
emitted from the pulse carbon dioxide laser 102 passes 
the transfer mask 104 and two positioning mirrors 106, 
and reaches the transfer lens 108. The two positioning 
mirrors 106 decides an incident angle (incident position) 
of the laser beam to the transfer lens 108. The transfer 
lens 108 converges the incident laser beam, and forms 
an image of the transfer mask 104 on the printed circuit 
board 1, set on the processing table 110. The positioning 
of the printed circuit board 1 is performed by moving the 
processing table 110 on which the printed circuit board 
1 is set. First, the pulse on time of the laser beam is set 
to 3 us and laser energy per pulse is set to 24 mJ, and 
the laser beam is irradiated onto the copper foil 4 by one 
pulse to form a drilled hole 22 of <)> 100 u.m in the copper 



foil 4 (Fig. 3). 

[0075] Next, the insulator 2 is processed by irradiating 
the same position as the drilled hole 22 with four pulses 
of a laser beam in which the transfer mask 104 is 

5 changed to <|> 1 .2mm, the pulse on time of the laser beam 
is set to 100 us, and laser energy per pulse is set to 10 
mJ. Then, the copper foil 6 is processed by irradiating it 
with one pulse of laser beam, in which the pulse on time 
of the laser beam is set to 40 us and the laser energy 

w per pulse is set to 8 mJ. Here, the laser beam diameter 
at the processing point is about <j> 100 um Through 
these steps, the through-hole 14 is formed in the printed 
circuit board 1 . 

[0076] An observation of a cross-section of the 
*5 through-hole 14 by a microscope shows its hole diam- 
eter hardly changes and the direction of the central axis 
of the hole corresponds to the direction of the optical 
axis of the laser beam. In addition, it is found that pro- 
trusion of the copper foil 4 into the hole on the laser in- 
20 coming side of the hole, and that of the copper foil 6 into 
the hole on the laser outgoing side of the hole are 5 ujrn 
or less. 

[0077] According to the laser processing method of 
this embodiment, when at least the insulator 2 and the 

25 copper foil 6 are irradiated with a laser beam, a diameter 
of the laser beam is smaller than that of the drilled hole 
22 formed in the copper foil 4. Thus, the diffraction of 
the laser beam caused by the drilled hole 22 can be pre- 
vented from generating, and the through-hole 14 is pre- 

30 vented from being swollen in the middle. 

[0078] Furthermore, according to the laser process- 
ing method of this embodiment, the protrusion of the 
copper foil 4 into the through-hole 14 on the laser beam 
incoming side thereof can be prevented, since the dif- 

35 fraction of the laser beam caused by the drilled hole 22 
is prevented from generating. 

[0079] In the laser processing apparatus 100, the 
transfer mask 104 is exchanged from <|> 1.8mm to <(> 
1.2mm during the process to change the laser beam di- 

40 a meter at the processing point: However, instead of the 
transfer mask 104, a beam aperture with a continuously 
variable opening diameter may be used as shown in Fig. 
5. The laser beam diameter at the processing point on 
the printed circuit board 1 can be easily varied by con- 

45 necting this beam aperture to the controller 1 1 2 and con- 
trolling its opening diameter. Thus, the above laser 
processing method can be easily implemented. In addi- 
tion, the laser processing time can be shortened. 
[0080] Furthermore, the same effect as described can 

50 be obtained when applying the laser processing method 
according to this embodiment to forming a blind hole or 
grooving in the printed circuit board 1, although forming 
the through-hole 14 in the printed circuit board is ex- 
plained in this embodiment. For example, the configu- 

55 rations of the blind hole and the groove are prevented 
from becoming a configuration such as a trapezoid dif- 
ferent from a desired configuration, and the copper foil 
4 is prevented from protruding into the blind hole or the 
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groove on the laser beam incoming side of the blind hole 
or the groove, by processing the insulator 2 with the la- 
ser beam having the smaller diameter at the processing 
point than the laser beam irradiated onto the copper foil 
4 after forming the drilled hole 22. 
[0081] Furthermore, an insulating layer may be fur- 
ther formed on the uppermost conductor layer and/or on 
the lowermost conductor layer, although the uppermost 
and lowermost layers are conductor layers in the printed 
circuit board 1 according to the laser processing method 
of this embodiment. Even in this case, the laser process- 
ing method according to this embodiment can be ap- 
plied, and the same effect as described in this embodi- 
ment can be obtained. 

[0082] Still further, even if continuously oscillating la- 
ser beam is used, the same effect as described above 
is obtained, by varying the power density of the laser 
beam or the laser beam diameter at the processing point 
in the laser processing, although the pulsed laser beam 
is used according to the laser processing method of this 
embodiment. In this case, the carbon dioxide laser 110 
continuously oscillates the laser beam. 



(Embodiment 3) 

[0083] Fig. 6 is a diagram to explain a configuration 
of a laser processing apparatus 200 for a multilayer ma- 
terial according to an embodiment 3 of the present in- 
vention. The laser processing apparatus 200 has the 
configuration that a convex V-shaped mirror for adjust- 
ing an optical path length (referred to as a convex V- 
shaped mirror, hereinafter) 122 and a concave V- 
shaped mirror for adjusting an optical path length (re- 
ferred to as a concave V-shaped mirror, hereinafter) 124 
are added to the laser processing apparatus 1 00 shown 
in Fig. 4. Laser processing for the printed circuit board 
1 is performed by using the laser processing apparatus 
200 by the same method as described in the embodi- 
ment 2 (Fig. 3). 

[0084] Here, the convex V-shaped mirror 1 22 is an op- 
tical element in which two reflective surfaces are cou- 
pled so as to be V-shaped to form a convex-shaped re- 
flective surface, and the concave V-shaped mirror 124 
is an optical element in which two reflective surfaces are 
coupled so as to be V-shaped to form a concave-shaped 
reflective surface. In the laser processing apparatus 
200, the optical path length is varied by setting the con- 
vex V-shaped mirror 1 22 and the concave V-shaped mir- 
ror 124 in the optical path between the transfer mask 
104 and the positioning mirrors 106. According to the 
laser processing apparatus 200 of this embodiment, an 
angle formed by the two reflective surfaces of the con- 
vex V-shaped mirror 122 and an angle formed by the 
two reflective surfaces of the concave V-shaped mirror 
124 are both 90 degrees. One reflective surface (a first 
reflective surface) of the convex V-shaped mirror 122 is 
set so as to form 45 degrees with the laser beam passing 
through the transfer mask 104. The laser beam passing 



through the transfer mask 104 is reflected by the first 
reflective surface of the convex V-shaped mirror 122 to- 
ward the concave V-shaped mirror 124. The angle 
formed between the incident direction and reflected di- 
5 rection of the laser beam at the reflective surface of the 
convex V-shaped mirror 122 is 90 degrees. The laser 
beam reflected by the convex V-shaped mirror 122 
reaches one (a first) reflective surface of the concave V- 
shaped mirror 124. Here, the first reflective surface of 
10 the concave V-shaped mirror 124 is set so as to form 45 
degrees with the reflected beam reflected by the first re- 
flective surface of the convex V-shaped mirror 122. The 
laser beam is reflected again by the first reflective sur- 
face of the concave V-shaped mirror 124. The angle 
« formed between the incident direction and the reflected 
direction of the laser beam at the first reflective surface 
of the concave V-shaped mirror 124 is 90 degrees. The 
laser beam reflected by the first reflective surface of the 
concave V-shaped mirror 124 reaches the other (a sec- 
20 ond) reflective surface of the concave V-shaped mirror 
124. Then, the laser beam, which reached the second 
reflective surface of the concave V-shaped mirror 124, 
is reflected by this reflective surface toward the convex 
V-shaped mirror 122. The angle formed between the in- 
25 cident direction and the reflected direction of the laser 
beam at the second reflective surface of the concave V- 
shaped mirror 124 is 90 degrees. The laser beam re- 
flected by the second reflective surface of the concave 
V-shaped mirror 124 reaches a second reflective sur- 
30 face of the convex V-shaped mirror 122. The second re- 
flective surface of the convex V-shaped mirror 122 re- 
flects the laser beam so as to lead it to the positioning 
mirror 106. The angle formed between the incident di- ' 
rection and the reflected direction of the laser beam at 
35 the second reflective surface of the convex V-shaped 
mirror 122 is 90 degrees. Using the above configuration, 
the optical path length can be varied in the laser 
processing apparatus 200 by fixing the convex V- 
shaped mirror 122 and moving the concave V-shaped 
40 mirror 1 24 in parallel to the laser beam between the con- 
vex V-shaped mirror 1 22 and the concave V-shaped mir- 
ror 124. 

[0085] Hereinafter, it is described about the operation 
of the laser processing apparatus 200. First, the laser 
45 beam is focused to about <J> 120 fim on the copper foil 4 
by using the transfer mask 1 04 of 0 1 .8mm and the trans- 
fer lens 108. More specifically, a part of the laser beam 
120 emitted from the pulse carbon dioxide laser 102 
passes the transfer mask 1 04, the convex V-shaped mir- 
50 ror 122, the concave V-shaped mirror 124 and two po- 
sitioning mirrors 106, and reaches the transfer lens 108. 
The two positioning mirrors 1 06 decide an incident angle 
(incident position) of the laser beam to the transfer lens 
108. The transfer lens 108 converges the incident laser 
55 beam, and forms an image of the transfer mask 104 on 
the printed circuit board 1, set on the processing table 
110. First, one pulse of the laser beam is irradiated to 
form a drilled hole 22 of $ 100 u.m in the copper foil 4 
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with the pulse on time of the laser beam set to 3 us and 
the laser energy per pulse set to 24 mJ. 
[0086] Then, the convex V-shaped mirror 1 22 is fixed 
and the concave V-shaped mirror 124 is moved so as 
to be apart from the convex V-shaped mirror 1 22 in par- 5 
allel to the laser beam between the convex V-shaped 
mirror 122 and the concave V-shaped mirror 124, while 
the transfer mask 104 is kept at <)> 1.8mm. The transfer 
lens 108 is brought close to the printed circuit board 1, 
set on the processing table 110. The positioning of these 10 
components is performed by a controller 112. Then, the 
laser beam is irradiated onto the same position as the 
drilled hole 22 for four pulses with the pulse on time of 
the laser beam set to 3 us and the laser energy per pulse 
set to 11 mJ, to process the insulator 2. Then, the laser is 
beam is irradiated for one pulse to the same position 
with the pulse on time of the laser beam set to 40 us and 
the laser energy per pulse set to 8 mJ, to process the 
copper foil 6. Here, a laser beam diameter at the 
processing point is about $ 100 ujn. Through these 20 
steps, a through-hole 14 is formed in the printed circuit 
board 1 . 

[0087] It is described about the reason why the beam 
diameter at the processing point is varied by changing 
the optical path length between the transfer mask 104 25 
and the transfer lens 108. Fig. 7 shows a basic config- 
uration of imaging optics. A laser beam 32 passing a 
mask 30 (transfer mask 1 04) is converged to an imaging 
point 36 (the processing point on the printed circuit 
board 1) by an imaging lens 34 (transfer lens 104). In 30 
this optics, the following equation (3) is provided. 

1/a + 1/b = 1/f (3) 

35 

where "a" is a distance between the mask 30 and a prin- 
cipal plane of the imaging lens 34 (hereinafter, referred 
to as a mask-lens distance), "b" is a distance between 
a principal plane of the imaging lens 34 and the imaging 
point 36 (referred to as the lens-imaging point distance, 40 
hereinafter), and T is a focal distance of the imaging 
lens 34. 

[0088] Referring to the equation (3), the image of the 
mask 30 is formed by b/a times as large as the mask 
(lateral magnification (3 = b/a). When the lateral magni- « 
fication p is represented by the mask-lens distance "a" 
and the focal distance T, the following equation (4) is 
provided. 

50 

P=f/(a-f) (4) 

[0089] Referring to the equation (4), if the focal dis- 
tance f is constant, the lateral magnification (3 is contin- 
uously varied by making the mask-lens distance "a" var- 55 
iable. Thus, the beam diameter at the processing point 
is varied by varying the optical path length between the 
transfer mask 104 (the mask 30) and the transfer lens 



108 (the imaging lens 34). 

[0090] In addition, when the lens-imaging point dis- 
tance "b" is represented by the mask-lens distance "a" 
and the focal distance T, the following equation (5) is 
provided. 

b = fa / (a-f) (5) 

[0091] Referring to the equation (5), if the focal dis- 
tance T is constant, it is necessary to vary the lens- 
imaging point distance "b" in order to make the mask- 
lens distance "a" variable. Therefore, it is necessary to 
vary the distance between the transfer lens 108 and the 
printed circuit board 1 at the same time when the optical 
path length between the transfer mask 104 and the 
transfer lens 108 is varied. According to the laser 
processing apparatus 200 of this embodiment, the 
above mask-lens distance "a" can be varied by varying 
the distance between the convex V-shaped mirror 122 
and the concave V-shaped mirror 124. Further, in con- 
junction with this variation, the above lens-imaging point 
"b" can be varied by varying the distance between the 
transfer lens 108 and the printed circuit board 1, set on 
the processing table 110. 

[0092] According to the laser processing apparatus 
200 of this embodiment, the beam diameter at the 
processing point is varied by varying the optical path 
length between the transfer mask 104 and the transfer 
lens 108, by using the convex V-shaped mirror 122 and 
the concave V-shaped mirror 124. As the most simple 
method of varying the optical path length between the 
transfer mask 104 and the transfer lens 108, there is a 
method of moving the position of the transfer mask 104 
by using the controller 112 or the like in the laser 
processing apparatus 100 described in the embodiment 
2. However, if the transfer mask 1 04 is movable in a wide 
range, the laser processing apparatus 200 becomes 
large in shape. For example, if the transfer magnification 
is made to be 2/3, it is necessary to increase the dis- 
tance between the transfer mask 104 and the transfer 
lens 108 by half. If the optical path length is adjusted by 
diverting the optical path between the transfer mask 1 04 
and the transfer lens 108 by using the convex V-shaped 
mirror 122 and the concave V-shaped mirror 124, as in 
the laser processing apparatus 200, the laser process- 
ing apparatus is prevented from becoming larger in 
shape. 

[0093] In addition, even if the laser processing appa- 
ratus according to this embodiment is used, the same 
effect can be obtained as described in the embodiment 
2. 

(Embodiment 4) 

[0094] Fig. 8 is a diagram to explain a configuration 
of a laser processing apparatus 300 for a multilayer ma- 
terial according to an embodiment 4 of the present in- 
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vention. The laser processing apparatus 300 has a con- 
figuration that a reflective surface shape variable reflect- 
ing mirror for adjusting magnification (referred to as a 
reflective surface shape variable reflecting mirror) 132 
and a reflective surface shape variable reflecting mirror 5 
134 are added to the laser processing apparatus 100 
shown in Fig. 4. The reflective surface shape variable 
reflecting mirror can control a divergence angle of an 
incident laser beam by varying the shape of the reflec- 
tive surface. The two reflective surface shape variable w 
reflecting mirrors 132 and 134 are set in the optical path 
between the transfer mask 104 and the positioning mir- 
ror 106. Their shapes of the reflective surfaces are con- 
trolled by the controller 112. Laser processing for a print- 
ed circuit board 1 is performed by using the laser 15 
processing apparatus 300, by the same method as de- 
scribed in the embodiment 2 (Fig. 3). 
[0095] Hereinafter, it is described about the operation 
of the laser processing apparatus 300. First, the laser 
beam is focused to about * 120 urn on the copper foil 4 20 
by using the transfer mask 1 04 of 4 1 .8mm and the trans- 
fer lens 108. More specifically, a part of the laser beam 
120 emitted from the pulse carbon dioxide laser 102 
passes the transfer mask 104, the reflective surface 
shape variable reflecting mirrors 132 and 134, and two 25 
positioning mirrors 106, and reaches the transfer lens 
1 08. At first, the reflective surfaces of the reflective sur- 
face shape variable reflecting mirrors 132 and 134 are 
both flat, and they operate as normal reflecting mirrors. 
The two positioning mirrors 1 06 decide an incident angle 30 
(incident position) of the laser beam to the transfer lens 
108. The transfer lens 108 converges the incident laser 
beam, and forms an image of the transfer mask 104 on 
the printed circuit board 1, set on the processing table 
110. First, one pulse of the laser beam is irradiated to 35 
form a drilled hole 22 of <f> 100 urn in the copper foil 4 
with the pulse on time of the laser beam set to 3 us, and 
the laser energy per pulse set to 24 mJ. 
[0096] Then, while the transfer mask is kept at <f> 
1.8mm, the reflective surface of the reflective surface ao 
shape variable reflecting mirror 1 32 is changed to a con- 
vex surface, and the reflective surface of the reflective 
surface shape variable reflecting mirror 134 is changed 
to a concave surface. The reflective surface shape var- 
iable reflecting mirrors 132 and 134 control beam diver- 45 
gence angles 136 and 138, respectively. Next, the laser 
beam, of which divergence angle is controlled, is irradi- 
ated onto the same position as the drilled hole 22 for 
four pulses to process the insulator 2 with the pulse on 
time of the laser beam set to 3 us and the laser energy so 
per pulse is set to 11 mJ. Then, the laser beam is irra- 
diated for one pulse onto the same position to process 
the copper foil 6 with the pulse on time of the laser beam 
set to 40 \is and the laser energy per pulse set to 8 mJ. 
Here, a laser beam diameter at the processing point is 55 
about $ 100 u.m. Through these' steps, the through-hole 
14 is formed in the printed circuit board 1. 
[0097] Hereinafter, it is described why the beam di- 



ameter at the processing point is varied by varying the 
shapes of the reflective surfaces of the reflective surface 
shape variable reflecting mirrors 132 and 134. Fig. 9 
shows a basic configuration of imaging optics in which 
a convex mirror and a concave mirror are used. Refer- 
ring to Fig. 9, the beam divergence angle of a laserbeam 
42 passing a mask 40 (a transfer mask 104) is changed 
by two mirrors 44 and 46 (the reflective surface shape 
variable reflecting mirrors 132 and 134), whose surface 
shapes has been changed, before the laser beam en- 
ters an imaging lens 48 (a transfer lens 108). This cor- 
responds to that the lens position of the imaging lens 48 
is artificially moved. At this time, the following equation 
(6) is provided. 



a + b = a 1 +b, 



(6) 



where "a" is a distance between the mask 40 and a prin- 
cipal plane of the imaging lens 48 (referred to as the 
mask-lens distance, hereinafter), "b" is a distance be- 
tween the principal plane of the imaging lens 48 and the 
imaging point 52 (a processing point on the printed cir- 
cuit board 1 ) ( referred to as the lens-imaging point dis- 
tance, hereinafter), V is a distance between the mask 
40 and' the principal plane of an artificial lens 50 (re- 
ferred to as the artificial mask-lens distance, hereinaf- 
ter) and V is a distance between the principal plane 
of the artificial lens 50 and the imaging point 52 (referred 
to as the artificial lens-imaging point distance, hereinaf- 
ter). 

[0098] Referring to the equation (6), lateral magnifi- 
cation |3 is decided by the artificial mask-lens distance 
"a/ and the artificial lens-imaging point distance "b/. 
As a result, the lateral magnification p can be continu- 
ously varied, since the artificial mask-lens distance "a/ 
and the artificial lens-imaging point distance "b," can be 
continuously varied by varying the shapes of the reflec- 
tive surfaces of the reflective surface shape variable re- 
flecting mirrors 132 and 134. 

[0099] As shown in Fig. 1 0, each of the reflective sur- 
face shapes of the reflective surface shape variable re- 
flecting mirrors 132 and 134 is a part of hyperboloid of 
revolution. When the hyperboloid of revolution is used, 
the beam divergence angle of the laser beam 64 can be 
varied, since the distance between the reflective surface 
and the mask 60 is differentiated from the distance be- 
tween the reflective surface and a virtual image 62 of 
the mask. Fig. 11 shows a shape of one of the reflective 
surface shape variable reflecting mirrors 132 and 134 
used in the laser processing apparatus 300 according 
to this embodiment. As shown in Fig. 1 1 , a reflecting mir- 
ror 66 is joined to a piezoelectric device 68 at a point on 
its back surface. When a voltage is applied to this pie- 
zoelectric device 68 by using a controller 112, the pie- 
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zoelectric device 68 expands and contracts, and applies 
an external force to the back surface of the reflecting 
mirror 66. When the external force is applied by the pi- 
ezoelectric device 68, the reflective surface of the re- 
flecting mirror 66 becomes a desired shape (forming a 
part of the convex or concave hyperboloid of revolution). 
[0100] According to the laser processing apparatus 
300 of this embodiment, the transfer magnification can 
be varied at high speed, since the reflecting mirror 66, 
whose reflective surface is transformed into convex or 
concave shape by the piezoelectric device 68, is em- 
ployed. Therefore, the laser processing time can be 
shortened. 

[0101] Furthermore, the beam diameter at the 
processing point can be also changed when the reflec- 
tive surfaces of the reflective surface shape variable re- 
flecting mirrors 132 and 134 are both changed to the 
convex shapes, although they are changed into the con- 
vex and concave shapes, respectively, in the laser 
processing apparatus 300 according to this embodi- 
ment. 

[0102] When the laser processing is performed ac- 
cording to the steps shown in Fig. 3 by using the laser 
processing apparatus 300 of this embodiment, the insu- 
lator 2 and the copper foil 6 are processed by changing 
the reflective surfaces of the two reflective surface 
shape variable reflecting mirrors 1 32 and 134, after the 
hole in the copper foil 4 is formed. However, even in the 
reverse case, that is, the reflective surfaces of the two 
reflective surface shape variable reflecting mirrors 132 
and 1 34 are varied to process the hole in the copper foil 
4, and then they is reversed to be flat to process the 
insulator 2 and the copper foil 6, the same effect as de- 
scribed in this embodiment can be obtained. 
[01 03] In addition, also when the laser processing ap- 
paratus according to this embodiment is used, the same 
effect as described in the embodiment 2 can be ob- 
tained. 

(Embodiment 5) 

[0104] Fig. 12 is a diagram to explain the configuration 
of a laser processing apparatus 400 for a multilayer ma- 
terial according to an embodiment 5 of the present in- 
vention. The laser processing apparatus 400 has a con- 
figuration that an opening diameter continuously varia- 
ble beam aperture 142 (Fig. 5) is added to the laser 
processing apparatus 100 shown in Fig. 4. The opening 
diameter continuously variable beam aperture 142 is set 
in the optical path between the transfer mask 104 and 
the positioning mirrors 106, and its opening diameter is 
controlled by the controller 112. Laser processing for the 
printed circuit board 1 is performed by using the laser 
processing apparatus 400 by the same method as de- 
scribed in the embodiment 2 (Fig. 3). 
[0105] Hereinafter, it is described about the operation 
of the laser processing apparatus 400. First, the laser 
beam is focused to about $ 120 urn on the copper foil 4 



by using the transfer mask 104 of <|> 1 .2mm, the opening 
diameter continuously variable beam aperture 142 and 
the transfer lens 108. More specifically, a part of the la- 
ser beam 120 emitted from the pulse carbon dioxide la- 
5 ser 102 passes the transfer mask 104, and is narrowed 
by the opening diameter continuously variable beam ap- 
erture 142. The opening diameter continuously variable 
beam aperture 142 narrows the laser beam diameter 
which is diffracted and enlarged by the transfer mask 

10 104. Here, the opening diameter continuously variable 
beam aperture 142, having the opening diameter of 
18mm, is set to a position apart from the transfer mask 
1 04 by 1 200 mm. The laser beam narrowed by the open- 
ing diameter continuously variable beam aperture 142 

f5 passes the two positioning mirrors 106, and reaches a 
transfer lens 108. The two positioning mirrors 106 con- 
trol an incident angle (incident position) of the laser 
beam to the transfer lens 1 08. The transfer lens 1 08 con- 
verges the incident laser beam and forms an image of 

20 the transfer mask 1 04 on the printed circuit board 1 , set 
on the processing table 110. First, one pulse of the laser 
beam is irradiated to form a drilled hole 22 of 0 100 u/n 
in the copper foil 4 with the pulse on time of the laser 
beam set to 3 \vs and the laser energy per pulse set to 

25 24 mJ (Fig. 3). 

[0106] Then, while the transfer mask 104 is kept at <J> 
1.2mm, the opening diameter of the opening diameter 
continuously variable beam aperture 142 is enlarged up 
to <(> 36mm by using a controller 112. Then, the laser 

30 beam is irradiated onto the same position as the drilled 
hole 22 for four pulses to process the insulator 2 with 
the pulse on time of the laser beam set to 3 us and the 
laser energy per pulse set to 11 mJ. Then, the laser 
beam is irradiated for one pulse onto the same position 

35 to process the copper foil 6 with the pulse on time of the 
laser beam set to 40 \is and the laser energy per pulse 
set to 8 mJ. Here, a diameter of a laser beam at the 
processing point is about <J> 100 Jim. Through these 
steps, the through-hole 1 4 is formed in the printed circuit 

40 board 1. 

[0107] Hereinafter, it is described why the beam di- 
ameter at the processing point is varied by varying the 
opening diameter of the opening diameter continuously 
variable beam aperture 142. Fig. 1 3 shows a converging 

45 state by the opening and the lens. When a laser beam 
70, which is parallel to an opening 72 (the opening di- 
ameter continuously variable beam aperture 142), is ir- 
radiated, the laser beam passing the opening 72 is nar- 
rowed by a lens 74 (the transfer lens 108). A beam di- 

50 ameter "d" at the converging point (the processing point 
on the printed circuit board 1 ) narrowed by the lens 74 
is represented by the following equation (7). 



55 



d = 2.44 x X x f/D 



(7). 



where "V is a wavelength of the laser beam 70, T is a 
focal distance of the lens 74, and "D" is an opening di- 
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ameter. 

[0108] Referring to the equation (7), the opening di- 
ameter "D" is inversely proportional to the beam diam- 
eter "d". Thus, the beam diameter "d" at the converging 
point can be decreased by increasing the opening di- s 
ameter "D", and increased by decreasing the opening 
diameter "D". 

[0109] According to the laser processing apparatus 
400 of this embodiment, it is not necessary to replace 
the transfer mask 1 04 in the laser processing apparatus w 
100 shown in Fig. 4 with another transfer mask having 
a different diameter, since the opening diameter contin- 
uously variable beam aperture 142 is provided. In addi- 
tion, the laser processing time can be shortened. Fur- 
thermore, according to the laser processing apparatus is 
400 of this embodiment, the beam diameter at the 
processing point of the multilayer material can be varied 
with higher precision, since the laser beam, which is dif- 
fracted and enlarged by the transfer mask 104, is con- 
tinuously narrowed by the opening diameter continu- 20 
ously variable beam aperture 142. 
[01 1 0] In addition, also when the laser processing ap- 
paratus according to this embodiment is used, the same 
effect as described in the embodiment 2 can be ob- 
tained. 25 



24 mJ. 

[0113] Then, while the transfer mask is kept at <(> 
1.8mm, the focal distance of the focal distance variable 
transfer lens 150 is shortened, and the laser beam is 
irradiated onto the same position as the drilled hole 22 
for four pulses to process the insulator 2 with the pulse 
on time of the laser beam set to 3 \is and the laser energy 
per pulse set to 11 mJ. Then, the laser beam is irradiated 
for one pulse onto the same position to process the cop- 
per foil 6, with the pulse on time of the laser beam set 
to 40 \is and the laser energy per pulse set to 8 mJ. 
Here, a laser beam diameter at the processing point is 
about <|> 100 u,m. Through these steps, the through-hole 
14 is formed in the printed circuit board 1. 
[0114] Hereinafter, it is described why the beam di- 
ameter at the processing point is varied by varying the 
focal distance of the focal distance variable transfer lens 
150. If the focal distance of the focal distance variable 
transfer lens 150 is varied from the focal distance T to 
a focal distance 1 2 m , the following equation (8) is provid- 
ed with reference to Fig. 7 and the equation (3). 



1/a 2 + 1/b 2 = 1/f 2 



(8) 



(Embodiment 6) 

[01 1 1] Fig. 14 is a diagram to explain a configuration 
of a laser processing apparatus 500 for a multilayer ma- 
terial according to an embodiment 6 of the present in- 
vention. The laser processing apparatus 500 has a con- 
figuration that the transfer lens 1 08 in the laser process- 
ing apparatus 100 shown in Fig. 4 is replaced with a fo- 
cal distance variable transfer lens 1 50. A focal distance 
of the focal distance variable transfer lens 150 is con- 
trolled by the controller 1 1 2. Laser processing for a print- 
ed circuit board 1 is performed by using the laser 
processing apparatus 500 by the same method as de- 
scribed in the embodiment 2 (Fig. 3). 
[01 1 2] Hereinafter, it is described about the operation 
of the laser processing apparatus 500. First, the laser 
beam is focused to about <f> 120 u.m on the copper foil 4 
by using the transfer mask 1 04 of $ 1 .8mm and the focal 
distance variable transfer lens 150. More specifically, a 
part of the laser beam 120 emitted from the pulse carbon 
dioxide laser 102 passes the transfer mask 104 and the 
two positioning mirrors 106, and reaches the focal dis- 
tance variable transfer lens 150. The two positioning 
mirrors 106 decide an incident angle (incident position) 
of the laser beam to the focal distance variable transfer 
lens 150. The focal distance variable transfer lens 150 
converges the incident laser beam, and forms an image 
of the transfer mask 104 on the printed circuit board 1 , 
set on a processing table 110. Then, one pulse of the 
laser beam is irradiated to form a drilled hole 22 of* 100 
Jim in the copper foil 4 with the pulse on time of the laser 
beam set to 3 \is and the laser energy per pulse set to 



where "a 2 " is a distance between a new mask (the trans- 
fer mask 104) and a principle plane of an imaging lens 
(a transfer lens 108) (referred to as a new mask-lens 
distance, hereinafter), "b 2 " is a distance between a prin- 
30 ciple plane of a new imaging lens and an imaging point 
(the processing point on the printed circuit board 1 ) (re- 
ferred to as a new lens-imaging point distance, herein- 
after). 

[01 15] In addition, according to the laser processing 
35 apparatus 500, there is provided the relation that the 
sum of mask-lens distance "a" plus lens-imaging point 
distance "b" is constant, and therefore the following 
equation (9) is provided. 



40 



a + b: 



a 2 + b 2 



O) 



[01 16] The new mask-lens distance "a 2 " and the new 
lens-imaging point distance "b 2 " are changed so as to 
satisfy the equations (8) and (9). If the new mask-lens 
distance "a 2 " and the new lens-imaging point distance 
"b 2 " are varied by varying the focal distance "f 2 ", the lat- 
eral magnification p (0= b 2 /a 2 ) is also varied. Thus, the 
beam diameter at the processing point can be continu- 
ously varied. 

[01 1 7] The focal distance variable transfer lens 1 50 is 
a lens assembly, which consists of two or more lenses, 
as shown in Fig. 15. The distances among the lenses,' 
which constitute the lens assembly, are controlled by the 
controller 112. The focal distance of the focal distance 
variable transfer lens 150 can be varied by varying each 
distance among the lenses. 



14 



27 



EP 1 386 689 A1 



28 



[0118] According to the laser processing apparatus 
500 of this embodiment, it is not necessary to replace 
the transfer mask 1 04 in the laser processing apparatus 
100 shown in Fig. 4 with another transfer mask having 
a different diameter, because of employing the focal dis- 
tance variable transfer lens 150. In addition, the laser 
processing time can be shortened. 
[0119] In addition, also when the laser processing ap- 
paratus according to this embodiment is used, the same 
effect as described in the embodiment 2 can be ob- 
tained. 

(Embodiment 7) 

[0120] Fig. 16 is a diagram to explain steps of a laser 
processing method for a multilayer material according 
to an embodiment 7 of the present invention. In the de- 
scription of this embodiment, the multilayer material 
means a double-sided copper-dad printed circuit board 
(the glass epoxy substrate) 1 with a thickness of 0.4mm 
(the thicknesses of the copper foils are 12 \im). Further- 
more, according to the laser processing method of this 
embodiment, a PET sheet 90 having a thickness of 80 
urn is attached to the copper foil 6 on the beam outgoing 
side of the printed circuit board 1 as an absorption layer. 
A pulsed laser beam emitted from a carbon dioxide laser 
is irradiated onto this printed circuit board 1 to form a 
through-hole 14 of (f> 100 ujti. 

[0121] First, the laser beam is irradiated onto the cop- 
per foil 4 to form a drilled hole 22 in the surface of the 
copper foil 4. At this time, one pulse of the laser beam 
is irradiated with the pulse on time of the laser beam set 
to 3 us and the laser energy per pulse set to 24 mJ, to 
form the drilled hole 22 of 100 urn in the copper foil 4. 
[0122] Then, the laser beam is irradiated for four puls- 
es onto the same position as the drilled hole 22, with the 
pulse on time of the laser beam set to 100 \is and the 
laser energy per pulse set to 10 mJ, to process the in- 
sulator 2. Then, the laser beam is irradiated for one 
pulse onto the same position, with the pulse on time of 
the laser beam set to 40 us and the laser energy per 
pulse set to 8 mJ, to process the copper foil 6. 
[0123] An observation of a cross-section of the 
through-hole 14 by a microscope shows that its hole di- 
ameter hardly changes, and the direction of the central 
axis of the hole corresponds to the direction of the opti- 
cal axis of the laser beam. In addition, it is found that 
there are almost no protrusion of the copper foil 4 into 
the hole on the laser incoming side thereof, that of the 
copper foil 6 into the hole on the laser outgoing side 
thereof, and that of the glass cloth 10 into the hole. 
[0124] In addition, when a hole diameter in the copper 
foil 6 is measured, the maximum of that is 100 urn and 
the minimum of that is 90 urn in the printed circuit board 
1 with the PET 90. Meanwhile, when the normal printed 
circuit board without PET 90 is processed under the 
same laser beam condition, the maximum of the meas- 
ured hole diameter is 100 urn and the minimum of that 



is 80 urn. 

[0125] According to the method of this embodiment, 
variation in the hole diameter in the copper foil 6 can be 
reduced by forming the hole with the PET sheet 90 at- 

5 tached to the copper foil 6. This is because the molten 
and re-coagulated copper foil 6 is prevented from retain- 
ing in the vicinity of the outlet of the through-hole 14. 
More particularly, when the temperature of the copper 
foil 6 is increased by irradiation with the laser beam, and 

10 the copper foil 6 is molten, the PET 90 attached to the 
copper foil 6 has already started to evaporate (The in- 
sulator 2 does not change, since it has the higher boiling 
point than the copper foil 6). When the PET 90 evapo- 
rates, the molten copper foil 6 is blown off together with 

15 the PET 90 from that position or through the through- 
hole 14 to the outside of the printed circuit board 1. 
Therefore, the molten copper foil 6 does not stay in the 
vicinity of the outlet of the through-hole 14. 
[0126] According to the laser processing method of 

20 this embodiment, the same effect as in the embodiment 
1 can be obtained. 

[0127] In addition, the printed circuit board 1 in which 
the PET 90 is attached to the copper foil 6 can be proc- 
essed by the laser processing method according to the 
25 embodiment 2 of the present invention. 

[0128] Still further, in the laser processing method ac- 
cording to this embodiment, a PET is used as a laser 
beam absorbing material attached to the copper foil 6, 
but is not limited to this. For example, also when a pol- 
30 ymeric material such as polybutylene terephthalate 
(PBT), polyamide (PA), polyetherimide (PEI) or polyim- 
ide (PI) is used, the same effect as described in this em- 
bodiment can be obtained. 

[0129] In addition, an insulating layer may be further 
35 formed on the uppermost conductor layer, although the 
printed circuit board 1 in which the uppermost layer is 
conductor layer is used in the laser processing method 
according to this embodiment. Even in that case, the la- 
ser processing method according to this embodiment 
<o can be applied, and the same effect as described in this 
embodiment can be obtained. 

(Embodiment 8) 

45 [0130] Fig. 17 is a diagram to explain steps of a laser 
processing method for a multilayer material according 
to an embodiment 8 of the present invention. In the de- 
scription of this embodiment, the multilayer material 
means a double-sided copper-clad printed circuit board 

50 (the glass epoxy substrate) 1 with a thickness of 0.4mm 
(the thicknesses of the copper foils are 1 2 urn). Accord- 
ing to the laser processing method of this embodiment, 
the copper foil 4 to be processed is previously heated. 
The pulsed laser beam of a carbon dioxide laser is irra- 

55 diated onto this previously heated printed circuit board 
1 to form a through-hole 14 of § 100 urn. 
[0131] First, the laser beam is irradiated onto the cop- 
per foil 4 to raise the surface temperature of the copper 



25 



30 



35 



15 



29 



EP 1 386 689 A1 



30 



foil 4. At this time, three pulses of the laser beam is ir- 
radiated at 4kHz, with the pulse on time of the laser 
beam set to 3 \xs and the laser energy per pulse set to 
3 m J, to heat the surface of the copper foil 4 up to about 
300°C (573K). Then, one pulse of the laser beam is ir- 
radiated onto the same position in the copper foil 4 with 
the pulse on time of the laser beam set to 3 \is and the 
laser energy per pulse set to 24 mJ, to form a drilled 
hole 22 of <(» 100 um in the copper foil 4. 
[01 32] Then, the laser beam is irradiated for four puls- 
es to the same position as the drilled hole 22, with the 
pulse on time of the laser beam set to 100 ui and the 
laser energy per pulse set to 10 mJ, to process the in- 
sulator 2. Then, one pulse of the laser beam is irradiated 
onto the same position, with the pulse on time of the 
laser beam set to 40 us and the laser energy per pulse 
set to 8 mJ, to process the copper foil 6. 
[0133] An observation of a cross-section of the 
through-hole 14 by a microscope shows that its hole di- 
ameter hardly changes and the direction of the central 
axis of the hole corresponds to the direction of the opti- 
cal axis of the laser beam. Furthermore, it is found that 
there are almost no protrusion of the copper foil 4 into 
the hole on the laser incoming side thereof, that of the 
copper foil 6 into the hole on the laser outgoing side 
thereof, and that of the glass cloth 10 into the hole In 
addition, when the hole diameter of the copper foil 4 is 
measured, the maximum and the minimum are 110 u.m 
and 100 u,m, respectively. Meanwhile, according to the 
normal substrate which is not heated previously, the 
measured maximum and minimum hole diameter of the 
copper foil 4 is are 110 u.m and 90 jim, respectively. 
[0134] According to the method of this embodiment 
the variation of the hole diameter can be reduced by 
previously heating up a part of the copper foil in which 
the hole is formed. This is because a laser beam ab- 
sorption factor of copper is increased by heating so that 
copper can be stably processed. This will be described 
in detail hereinafter. 

[0135] As described above, it is difficult to process 
copper by laser beam, since copper has relatively high 
reflection coefficient of the laser beam, and high thermal 
conductivity, in general. Especially, it is difficult to proc- 
ess the copper foil such as the copper foils 4 and 6 
formed uniformly on the surface of the printed circuit 
board, since it reflects almost 99% of the irradiated car- 
bon dioxide laser beam, when the carbon dioxide laser 
beam is irradiated to its uniform surface. However when 
copper is heated up, the absorption factor of the carbon 
dioxide laser beam is increased. Fig. 18 is a graph of 
temperature dependency of carbon dioxide laser ab- 
sorptance of copper. Here, the axis of abscissas repre- 
sents a temperature of copper, and the axis of ordinate 
represents a carbon dioxide laser absorpance of cop- 
per. 

[0136] According to the graph shown in Fig. 18, when 
the temperature of copper is raised, the carbon dioxide 
laser absorptance of copper is increased. For example, 



when the copper foil 4 is heated up from a room tem- 
perature (about 300K) up to about 573K in the laser 
processing method of this embodiment, the carbon di- 
oxide laser absorptance of the copper foil 4 is increased 
5 by about 0.8%. As a result, the laser energy is absorbed 
about two times as much as when the temperature is 
not increased in the copper foil 4, and then the copper 
foil 4 can be stably processed, and the variation in hole 
diameter of the copper foil 4 is reduced. 
10 [0137] In addition, the copper foil 4 may be heated up 
by another method, although the laser beam is used to 
heat up the copper foil 4 in the laser processing method 
of this embodiment. 

[0138] Furthermore, the same effect can be obtained 
15 with respect to the copper foil 6 as with respect to the 
copper foil 4, if the copper foil 6 is heated up, although 
only the copper foil 4 is heated up in the laser processing 
method of this embodiment. 

[0139] Still further, according to the laser processing 
20 method for the multilayer material of this embodiment, 
the same effect as in the embodiment 1 can be obtained! 
[0140] Furthermore, the printed circuit board 1 may 
be processed by the method according to the embodi- 
ment 2, after the copper foil 4 is processed. 
25 [0141] Furthermore, an insulating layer may be fur- 
ther formed on the uppermost conductor layer and/or on 
the lowermost conductor layer, although the uppermost 
and lowermost layers are conductor layers in the printed 
circuit board 1 according to the laser processing method 
30 of this embodiment. Also in that case, the laser process- 
ing method according to this embodiment can be ap- 
plied, and then the same effect as described in this em- 
bodiment can be obtained. 

[0142] Furthermore, the same effect as described in 
35 this embodiment can be obtained when applying the la- 
ser processing method according to this embodiment to 
forming a blind hole or grooving in the printed circuit 
board 1, although forming the through-hole 14 in the 
printed circuit board is explained in this embodiment 
40 f° 143 l sti » further, another conductive material may 
be used as the conductor layer of the printed circuit 
board 1 , although it is a copper foil according to the em- 
bodiments 1 to 8 of the present invention. In addition 
the insulator 2 of the printed circuit board 1 is not limited 
« to glass epoxy resin, although it is glass epoxy resin in 
the above embodiments 1 to 8. For example, aramid 
resin, glass polyimide resin or the like may be used as 
the insulator 2. 

[0144] It will be obvious to those having skill in the art 
50 that many changes may be made in the above-de- 
scnbed details of the preferred embodiments of the 
present invention. The scope of the present invention 
therefore, should be determined by the following claims' 
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Claims 



1. A method for processing a multilayer material, in 
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which one or more conductor layers and insulating 
layers are layered, with a laser beam, comprising 
the steps of: 

irradiating said conductor layer with a first laser 5 
beam to form a hole at a processing point in 
said conductor layer; and 
irradiating said hole with a second laser beam 
to process said insulating layer, layered on said 
conductor layer; w 

wherein said second laser beam has a small- 
er beam diameter at the processing point than said 
first laser beam. 

15 

2. A method for processing a multilayer material, in 
which one or more conductor layers and insulating 
layers are layered, with a laser beam to form a hole, 
comprising the steps of: 

20 

pre-heating a part of said conductor layer; and 
irradiating said part heated in said pre-heating 
step with a laser beam to form said hole. 

3. The method for processing a multilayer material 25 
with a laser beam according to claim 2, wherein said 
pre-heating step is performed by irradiating said 
part of said conductor layer with a laser beam. 

4. A method for processing a multilayer material with 30 
a laser beam to form a through-hole in the multilayer 
material, in which a conductor layer and an insulat- 
ing layer are layered, and which includes a multilay- 
er consisting of two conductor layers and an insu- 
lating layer interposed between said two conductor 35 
layers, comprising the steps of: 

irradiating a first conductor layer of said two 
conductor layers in said multilayer with a first 
laser beam to form a hole at a processing point *o 
in said first conductor; 

irradiating said hole formed by said irradiating 
step for said first conductor layer with a second 
laser beam, having lower peak output than said 
first laser beam, to process said insulating layer 45 
in said multilayer, while a beam diameter at the 
processing point is kept constant; and 
irradiating said hole formed by said irradiating 
step for said insulating layer with a third laser 
beam, having lower peak output than said first so 
laser beam and having higher peak output than 
said second laser beam, to process a second 
conductor layer of said two conductor layer in 
said multilayer, while the beam diameter at the 
processing point is kept constant. 55 

5. The method for processing a multilayer material 
with a laser beam according to claim 4, further com- 



prising the step of forming a laser beam absorbing 
material on said second conductor layer before said 
irradiating step for the first conducting layer, where- 
in said second conductor layer of said multilayer is 
a surface layer of the multilayer material. 

6. The method for processing a multilayer material 
with a laser beam according to claim 5, wherein said 
laser beam absorbing material is a polymeric mate- 
rial. 

7. A laser processing apparatus for a multilayer mate- 
rial to irradiate the multilayer material, in which one 
or more conductor layers and insulating layers are 
layered, with a laser beam, comprising: 

a laser which emits a pulsed laser beam, of 

which peak output is variable; 

an opening which passes a part of said pulsed 

laser beam emitted from said laser; 

a first optical system which varies an optical 

path of the laser beam passing said opening; 

an imaging lens which forms an image of said 

opening; and 

a controller which controls positions and oper- 
ations of said laser, said opening, said first op- 
tical system and said imaging lens; 

wherein said controller varies a size of said 
image of said opening. 

8. The laser processing apparatus according to claim 
7, further comprising a second optical system which 
varies an optical path length in an optica! path be- 
tween said opening and said first optical system; 

wherein said controller controls said second 
optical system to vary a distance between said 
opening and said imaging lens. 

9. The laser processing apparatus according to claim 
7, further comprising a reflecting mirror in an optical 
path between said opening and said first optical 
system; 

wherein said controller varies a shape of a re- 
flective surface of said reflecting mirror. 

10. The laser processing apparatus according to claim 
9, wherein said controller makes the shape of the 
reflective surface of said reflecting mirror a part of 
hyperboloid of revolution. 

11. The laser processing apparatus according to claim 
9 or 10, wherein said controller varies the shape of 
the reflective surface of said reflecting mirror by 
controlling a piezoelectric device mounted on said 
reflecting mirror. 

12. The laser processing apparatus according to claim 
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7, wherein said controller varies an opening diam- 
eter of said opening. 

The laser processing apparatus according to claim 
7, wherein said controller varies a focal distance of 5 
said imaging lens. 
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Fig. 7 
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f : FOCAL LENGTH 1/a+1/b=1/f 
P : LATERAL MAGNIFICATION £=b/a 



24 



EP 1 386 689 A1 




25 



EP 1 386 689 A1 



Fig. 9 



OLD PRINCIPAL 
PLANE 



NEW PRINCIPAL 
PLANE 




IMAGING POINT 



f : FOCAL LENGTH 
£ : LATERAL MAGNIFICATION 



a+b=a 1 +t>i 




26 



EP 1 386 689 A1 




27 



EP 1 386 689 A1 




28 



EP 1 386 689 A1 



Fig. 13 




EP 1 386 689 A1 



Fig. 14 




30 



EP 1 386 689 A1 



Fig. 15 




31 



EP 1 386 689 A1 




32 



EP 1 386 689 A1 




33 



EP 1 386 689 A1 



Fig. 18 



ill 

o 



tr 
o 

CO 
CO 

< 




400 



800, 1200 1600 2000 
TEMPERATURE (K) 



34 



EP 1 386 689 A1 



Fig.19 




6 



35 



EP 1 386 689 A1 



Fig.20 




36 



EP 1 386 689 A1 



Fig. 21 




37 



EP 1 386 689 A1 



INTERNATIONAL SEARCH REPORT 



p. CLASSIF1CA HON OF SUBJECT MATTER 1 

Int.Cl B23K26/38, B23K26/40, H05K3/00, B23K101:<, 2 

IB. FIELDS SEARCHE D 



international application No. 

PCT/JP02/03150 



| uocuirenlation searched olhef ^ mimm dog,,^^ . 

' Kbkai Jitsuyo Shi^n Kbho 1971-2002 To^Tt^™ ™° ku ^ 1996-2002 

^um Torolcu Jitsuyo Shinan Koho 1994-2002 



I uectrooic data base co-salted during the tnteroatonal search (name c 



e practicable, search (erms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 

^001^313471 A (MatsushTti - ElectHc - 55orks7 
09 November, 2001 (09.11.01), 

43%Tcoli 8 ' 6 , C °Ar 3 5 6. 1 t n 1 e i S d 4 tO - 10; 5 < '»« 

(Family: none) ' M 36 ' a11 d «wmgs 

S Sep^e 7 r ,\99 S 9 U fl t 4°09 IndUStri6S ' 

^^o1Tail;t n n e o n 2 e 5 ) t0 ' C ° 1 - * "ne 29; 

03 S ^999 Mi ( t 0 roi Sh 9t ) Denki ^ 

Column 10, line 38 to column 16, line 33; Figs . 7 
& JP 9-293946 A 



Relevant to claim No. 



102 
1-6,8 



11 

1-10,12-13 



Q Further document arc listed in the c 



* ~ 2*" aI categories of cited documents: 

^r^^:!!^^ *« which is not 



Q Sec patem family annex. 



-p. »5»*«dto be of particular relevance 

^ Cnl to an oral disclosure, use, exhibition or other 

L*le of the actual completion of the inlernalionar 



^^^"1^^ ^ attCr S i"ternaUonal filing date or 

document of particular relevance- the daim«t 
considcted to involve an i*vem?v^^ * 
combined with one or more other suet Tdocu, 



d^m^ 0n Obviou$ 10 a P 6150 " sWlcd intni'an 
document member of ihe same patent family 



24 June, 2002 (24.06.02) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 

'" 0rTn PCT/ISA/^IU (second sheet) (July 1998T 



uate of mailing of Hie international search report " 
09 July, 2002 (09.07.02) 



Telephone No. 



38 



EP 1 386 689 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/03150 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of tbe relevant passages 



Relevant to daim No. 



A 



E, A 



JP 2000-71088 A (Nisshinbo Industries, Inc.), 

07 March, 2000 (07.03.00), 
Column 3, lines 26 to 38; Fig. 2 
(Family: none) 

JP 11-274731 A (Fujitsu Ltd.), 

08 October, 1999 (08.10.99), 
Claim 5 

(Family: none) 

JP 2002-118344 A (Hitachi Via Mechanics, Ltd.), 
19 April, 2002 (19.04.02), 
Full text; all drawings 
(Family: none) 



11 

1-10,12-13 



1-13 



1-13 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



39 



THIS PAGE BLANK (uspto) 



